Recently a cluster of new hypotheses of aging has been suggested, which explicitly predict the importance of early-life events in health and life span modulations. It has been widely assumed that these long-lasting consequences of early-life exposures may depend on the same mechanisms as those underlying "cellular memory," that is, epigenetic inheritance systems. There is a growing body of evidence that environmentally induced perturbations in the epigenetic processes (which involve alterations of gene expression without a change in DNA sequence) can determine different aspects of aging, as well as etiology and pathogenesis of agerelated diseases. Long-term beneficial effects can also occur under some conditions. Changes in gene expression were detected by the life-extending hormetic interventions, such as irradiation, both heat and cold shocks, repeated mild heat stress, dietary restriction, and hypergravity, as well as by geroprotectors (e.g., antioxidants). It might be hypothesized that lifeextending effects are most likely a consequence of unspecific (hormetic) action, rather than specific (geroprotective) action, and induced transcriptional changes may be a common mechanism for all anti-aging treatments. The epigenetic interventions (e.g., pre-and postnatal mild stresses), it seems, can be specifically useful in the modulation of aging processes and healthy life extension. 39 
G
ERONTOLOGICAL STUDIES have traditionally focused on adult and old ages, usually neglecting the possible role of early-life developmental processes in longevity determination. Until now, the only exception is the developmental theory of aging, which holds that developmental rates and rates of aging are causally correlated. 1, 2 Recently, however, the situation has dramatically changed. A cluster of new hypotheses of aging has been suggested, which explicitly predict the importance of early-life events in health and life span modulations. [3] [4] [5] [6] [7] [8] Many organisms are capable of developing in a variety of ways, forming characteristics that are well adapted to the environments in which they are likely to live. Often these characteristics are induced in early life or are even set by cues to which their parents or grandparents were exposed. Individuals developmentally adapted to one environment may, however, be at risk when exposed to another when they are older. 7 It is widely recognized that these effects may depend on mechanisms as those underlying "cellular memory," that is, epigenetic inheritance systems. 9, 10 Epigenetic mechanisms, which involve alterations of gene expression without a change in DNA sequence such as histone modifications and DNA methylation, are known to play a key role in development. 11 These mechanisms are susceptible to environmental influences. 12 Since major epigenetic modifications occur at stages when cells still are unspecified, 13 the environmental susceptibility is expected to be enhanced during early development. Remarkably, the experimental life-extending interventions are likely to be most effective when applied in early developmental stages. 14 The epigenetic alterations induced during both pre-and postnatal stages of development can be preserved up to the later ontogenetic stages. 15, 16 Environmental factors can alter patterns of gene expression so that each epigenetic state tends to sustain itself even after the disappearance of the inductive signal, and may thus have long-lasting effects on phenotype. 17 This process is known as developmental plasticity or programming and is strongly supported by studies in experimental animals. 18 At in utero or neonatal development (i.e., a particularly vulnerable period for alterations in epigenetic programming), exposures to environmental agents could result in permanently altered gene expression in a tissuespecific manner. There is a growing body of evidence that environmentally induced perturbations in the epigenetic processes are involved in the etiology or prevention of a number of diseases, such as metabolic disorders and cardiovascular diseases. These mechanisms determine different aspects of aging, as well as etiology and pathogenesis of age-related diseases, which are an essential part of the "normal" aging process. 19, 20 For many species, epigenetic mechanisms were found to play an important role in the life span determination. For example, some social insect species show tremendous life span differences between social castes, with queens living up to 10 times longer than workers (non-reproductive individuals). 21 Remarkably, queens and workers are genotypically identical, meaning that any phenotypic differences between the two castes arise from caste-specific gene expression. 22, 23 The early-life interventions (including preand postnatal mild stresses) apparently could be specifically used to induce long-term epigenetic adaptation of the organism. The epigenetic adaptation processes implying alterations of gene expression to buffer the organism against environmental changes support adaptability to the expected life-course conditions. 24 , 25 Bateson describes examples of condition-dependent development, for instance, genetically identical grasshoppers that can adopt alternate colors when young to suit their environment. 26 After a fire on the high grassland plains of East Africa, the recently hatched grasshoppers that survive are black instead of their normal pale yellow-green color. The grasshopper's color makes a big difference to the risk that it will be spotted and eaten by a bird, because the scorched grassland may remain black for many months after a fire.
Some authors suggest that epigenetic mechanisms also play an important role in hormetic effects. For example, "epigenetic explanation," proposed by Arking and Giroux, explains the phenomenon of late-life mortality-rate plateau (paradoxical slowing of mortality rate at older ages) repeatedly observed in demographic studies. 27 The authors suggested that exposure to a wide variety of environmental stressors will hormetically raise the transient basal level of expression of the antioxidant defense system genes and heat shock protein genes in the longlived subset of the exposed population. Epigenetic response to environmental variation, acting at the gene expression level, would result in a reduced late-life mortality for the hormetically induced cohort. Changes in gene expression were detected by the life-extending hormetic interventions, such as irradiation, both heat and cold shocks, repeated mild heat stress, dietary restriction, hypergravity, [28] [29] [30] [31] [32] [33] as well as by geroprotectors (e.g., antioxidants). 34 It might be hypothesized that life-extending effects are most likely a consequence of unspecific (hormetic) action rather than specific (geroprotective) action, and induced transcriptional changes may be a common mechanism for all anti-aging treatments.
In extending these ideas, some general points can be made. If induction of "transcriptional reprogramming" really is a key mechanism of longevity programming and life extension, then specific interventions during early life could allow to achieve an optimal balance of activation or repression of various genes which could prevent the age-related degenerative diseases. Since modern humans live under conditions of partial deficiency of some natural stressors, 35 "epigenetic stimulation" could have lasting benefits. Prenatal or early postnatal activation of some functional systems may have a "training" effect on adult adaptability. Thus epigenetic engineering 36 by both unspecific means (mild stresses) or means specifically designed for gene activation/silencing is likely to play an important role in anti-aging intervention as well.
